The chemotherapeutic effect of niridazole on Schistosoma mansoni in mice was evaluated at 2 weeks, 4 weeks and 8 weeks post cercarial exposure. The schistosomicidal effect of niridazole increased with increasing doses of the drug at 2 weeks and also at 8 weeks post cercarial exposure (p<0.05). Worm fecundity was more affected when the drug was given to the 2 weeks old worms than the 4 weeks and the 8 week-old worms although, oogram patterns of the 8 week-old worms revealed that the eggs in the tissues were killed in that about 89.41 % dead eggs were found and there was absence of 2nd and 3rd stage eggs in the intestinal segments.
INTRODUCTION

Chemotherapy
and Chemoprophylaxis are known to play the most important and crucial role in the control of schistosomiasis, a grave and debilitaing disease of socio-economic importance 1. Most of the synthetic orally administered and well tolerated schistosomicides in use include, prazlquantel-, Oxamiruquine-' Amoscanate+ and Niridazole 5 . Niridazole was shown to be active against S. mansoni, S. hematobium and S. japonium, especially the female worm 6 ,7. Different geographical strains of S. mansoni were reported to respond variosly to niridazole 8,9. Taylor and Nelson 8 reported that S. mansoni strains from Liberia were more sensitive to the drug than strains from Tanzania.
Although Praziquantel is reported to be the most effective drug for S. mansoni and other trematodes, its use is limited by the cost of treatment. Niridazole could thus be a cheaper alternative treatment for bilharziasis and therefore the need to further experiment on the effect of the drug on the different geographical strains of the parasite. This study thus aims at studying the chemotherapeutic effect of niridazole on the different developmental stages of S. mansoni in mice, including the reproductive potential of treated parasites.
MATERIALS AND METHODS
Animals
Adult white mice weighing between 19.5g and 23.5g and the Nigerian strain of Schistosoma mansoni were used. Naturally (field) infected Biomphalaria pfeifferi were collected from Plateau State of Nigeria. The snails were induced to shed cercariae by exposing the snails to light from a 60 -watt electric buld. The mice were infected with the cercariae, using the paddling method of Moore et a1 10 . Each mouse was exposed to between 120 -150 cercariae.
Drug Preparation
Niridazole (Ambilhar -Biomedieane Belgium) 500mg tablet was crushed into fine powder and suspended in 100ml of distilled water. This suspension was further diluted to obtain the following concentrations of the drug: 5.0mg/ml,; 3.0mg/ml; 2.5mg/ml and 1.5mg/ml. All suspensions were kept in the refrigerator until required, for up to 14 days after which it was discarded and a fresh preparation was made. The drug was orally administered by placing the appropriate dose directly into the stomach using a blunt needle and syringe.
Experimental Procedure
Twelve groups of infected mice, each consisting of 8 mice at different developmental stages, namely at 2, 4 and 8 weeks were individually administered the following concentrations of niridazole, orally once daily for 5 days; 5.0mg/ml; 3.0mg/ml, 2.5mg/ml, 1.5mg/ml. This is referred to as one course of treatment. Parallel infected, but untreated mice were set aside as controls. Eight weeks after cercarial exposure, 5 of the mice dosed at 2 weeks and at 4 weeks of age were sacrificed by cervical dislocation. For the 8 week-old worms, mice were sacrificed 7 days after administration of the drug. Control mice were also sacrificed when worms matured at 8 weeks.
The organs of the mice, namely the intestine, liver and lung were carefully removed and placed in separate petri-dishes containing physiological saline. The organs were meticulously teased out and the worms were searched for and counted. The effect of the drug was evaluated in relation to the control worms.
Effect of Niridazo/e on S. mansoni in mice.
Determination of the Effect of Nirldazole on the egg and fecundity of S. mansoni
The average egg load in the liver of the treated mice was determined by the tissue digestion in potassium hydroxide technique described by
Cheevers 11. The different morphological egg froms laid in the intestinal tissue by S mansoni following treatment was studied using the oogram technique for egg classification described by Pellegrino et a1 12 .
Six distinct morphological forms of eggs were found. The percentage occurrence of each was determined. This constitutes the Oogram profile for each drug concentration that was administered. That of the control was also determined.
RESULTS
Effect of age of S. mansoni on the schistosomicidal action of niridazole in mice.
The results presented in table I show that the average worm recoveries from mice harbouring different ages 'of S. mansoni decreased as the drug concentrations increased, except for the 4 week-old worms where administration of a course of 3.0mg/ml resulted in the recovery of 70.55% as compared with the 63.38% recovery from mice administered 2.5mglml. The schistosomicidal effect was greater in the 2 week-old worms than the 4 week-old parasites and it increased in the 8 weeks-old parssites. While 2 week-old worms show a statistically significant dose -worm recovery relationship (p<0.05), the 4 week -old worms showed less susceptibility to niridazole (p > 0.05).
One course of 5.0mglml of niridazole completely cured the mice with the 8 week-old parasites, while it caused a 7.42% recovery in the 2 week-old and 45.72% in the 4 week-old parasites.
Effect of niridazole on the fecundity of S. manson in mice Table 11shows the effect of niridazole on the total egg load of parasites after treatment at 2 weeks, 4 weeks and 8 weeks post cercarial exposure. Fecundity was greatly affected for the 2 week-old parasites by all he concentration of the drug used.
The course of 1.5mg/ml caused 93.82% reduction in fecundity while 5.0mg/ml caused a 100% reduction and the dose fecundity relationship was statistically significant (p<0.05).
For the 4 week-old worms a course of 1.Smg/ml did not appear to have had any effect on worms fecundity but 5.0mglml caused a 60.72% reduction in the liver egg load. Again the effect of the drug on fecundity is not statistically significant (p>0.05) for the 8 week-old worms, although the liver egg load was reduced, it could not be accounted for, by the effect of the drug since mice were sacrificed only a few days after dosing.
Effect of Niridazole on S. mansoni eggs in the intestinal wall. Table III 
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Effect of Niridazole on S. mansoni in mice.
DISCUSSION
Niridazole in this study shows a schistosomicidal characteristic when higher doses of the drug was used and no residual dead worms were recovered. The worms recovered and counted were alive.
The effect of niridazole increased with increasing doses of the drug and the effect was more pronounced when administered to 2 week-old infections and the 8 week-old infections. However, when the drug was administered to 4 week-old infections, only higher doses of the drug significantly affected the worms.
Sabah et. al. 13 had reported that niridazole (200.mglkg x 5) was effective against S. mansoni in the first and second weeks after infection and also in 6 week oid infection but not on 3 week-old worms. Praziquantel was reported to have acted similarly to niridazole.
While there is inadequate explanation for the action of niridazole on the early infections, several reasons have been put forward for its action on the mature infections. It was reported that niridazole damages the tsqurnent of the worms thus making them vulnerable to immune destruction 14. It has also been shown that antibodies against S. mansoni adult worms are synergistically involed with drugs in the death of the worms 15 .
The detoxification and metabolism of drugs occur in the liver and it has been reported that this function of the liver could be affected by concomitant disease in the organ or due to the embolization and granulomatous inflammation induced by the S. mansoni eggs 16,17. This follows that the increased susceptibility of adult S. mansoni to niridazole may be due to the reduced capacity of the liver to convert the drugs to the inactive metabolites.
The action of niridazole on S. mansoni fecundity as shown in this study resulted in the reduction of the total liver egg load on the 2 week and 4 week-old worms. This is explained by the fact that the female S. mansoni reproductive system is shown to be highly susceptible to drug action 18 ,19'lt was demonstrated variously that the vitelline glands of these organs are mostly affected.
The quantitative study of the different morphological forms of S. mansoni eggs using the oogram technique further reveals the effect of niridazole on the worms at different stages of development. The oogram patterns for the various concentrations of the drugs used also revealed the susceptibility of S.
mansoni female organs at the 2 week state as well as the 8 week (mature) even to low concentrations of the drug. However the 4 week-old worms were resistant to niridazole except the very high concentrations. Also, there was a very high value of dead eggs in the oogram pattern of the 8 week-old worms, anĩ t has been shown that niridazole kills the S. mansoni eggs within the tissues of the host 6 ,?
